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ABSTRACT 

Ultrasonic welding of covers onto flatpack integrated c i r cu i t s  was 
investigated, i n  order t o  develop a method of producing hermetically 
sealed packages a t  high ra tes  without exposing them t o  high temperature. 
Ultrasonic welds of the proper geometry were readily achieved between 
the desired materials, and leakt ight  packages were produced using f l a t -  
packs t h a t  had been prepared to  provide a f l a t  welding surface. With 
smaller and unprepared flatpacka, leaktight packages were not repro- 
ducibly- effected, since welding machine se t t ings  required f o r  complete 
cover boncting t o  the i r regular  surface of the flatpack frame resulted 
i n  f rac ture  of the f r a g i l e  glass seal .  
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T E C H N I D Y N E  I N C O R P O R A T E D  

I. INTRODUCTION 

The objective of t h i s  work w a s  t o  demonstrate the production praoti- 
c a b i l i t y  of assembling f la tpack integrated c i r cu i t s  by ul t rasonical ly  
welding covers on flatpack frames. 

Current techniques f o r  hermetically sealing cer ta in  flatpack configu- 
ra t ions usually involve resistance welding or furnace soldering of the 
covers. However, processing by these techniques i s  slow and expensive, 
and r e l i a b i l i t y  and reproducibility are not adequate. Resistance welding 
requires the use of a cost ly  castellated frame t o  provide e leo t r ica l  con- 
nection between the top frame and the base. Th i s  process invblves s t i t ch-  
ing the cover with a se r ies  of overlapping welds, and several minutes may 
be required t o  complete a single assembly. 
through one or more of the welcb may be a s  high as 15-25 percent. 
soldering is  considerably f a s t e r  and more reliable,  but the elevated t e m -  
perature necessary to  melt t h e  solder may be higher than the operating 
temperature of the c i r cu i t  and can damage sensi t ive c i r cu i t  components. 

Rejects because of leakage 
Furnace 

Ultrasonic welding of fers  a means f o r  encapsulating flatpack c i r cu i t s  
a t  a f a s t  ra te  without external heating. 
ing the workpieces between an ultrasonically driven welding t i p  and an 
anvil, so t ha t  the material undergoes cyclic s t r e s s  result ing from the 
superimposition of vibratory excursion on s t a t i c  force. 
cursion i s  para l le l  t o  the plane of the  weld interface, and the moderately 
low s t a t i c  force i s  normal t o  t h i s  plane. 

Welding i s  accomplished by clamp- 

The cyclic ex- 

Two types of ultrasonic welding techniques were projected f o r  the 
f la tpack closure: tors ional  or ring welding, and l i n e  welding. Line 
welding, which i s  essent ia l ly  spot welding with a greatly elongated t ip , ,  
would permit sealing a rectangular package with four welds a t  r igh t  
angles. 
multiple weld operation, whereas torsional welding i s  accomplished with 
a single weld pulse. 

This approach was not pursued, however, because it involved a 

Torsional welding, or iginal ly  developed f o r  making circular  welds, 
has proved equally- effective for other geometries involving d o s e d  
peripheral  welds, including ovals, squares, and rectangles. I n  t h i s  
process, the components t o  be joined are clamped between a welding t ip ,  
contoured t o  the desired weld geometry, and a supporting anvil, and the 
t i p  executes torsional vibratory excursions i n  a plane para l le l  t o  the 
weld interface.  The resu l t  i s  a complete circumferential w0ld produced 
i n  a s ingle  weld interval  of generally l e s s  than one second, Such welds 
i n  a va r i e ty  of geometries, sizes,  and material combinations have proven 
t o  be helium leakt ight  t o  a l i m i t  of about 10-10 cubic centimeters per 
second a t  STP, 
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Although tors ional  welding was used f o r  much of the work described 
herein, one other technique was employed and showed promise with the 
diminutive f la tpacks used. Ultrasonic la teral-dr ive welding was accom- 
plished with a welding t i p  having a sol id  face, of a s i z e  su f f i c i en t  t o  
cover the en t i re  frame of the flatpack. 
uoupler of a longitudinally driven transducer-coupling system, executed 
lateral vibratory excursions i n  a plane pa ra l l e l  t o  the weld interface.  
W i t h  t h i a  arrangement, the top aurface of the flatpack frame defined 
the ciruumferential weld area. 

This t i p ,  mounted on the primary 
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11. MATERIALS 

A. Flatpacks 

Welding was carried out wt%h two types of flatpacks.  The la rger  f l a t -  
pack, 3/8-inch-square, was used f o r  i n i t i a l  investigations t o  ascertain 
tooling requirements and t o  consider problems associated w i t h  flatpack 
geometry and construction, since standard laboratory equipment could be 
readily modified t o  permit work w i t h  these dimensions. 
tangular flatpack, 1/4-inch-x-1/8-inch, was used f o r  f i n a l  sample prepa- 
ra t ion  and evaluation. 

The smaller, rec- 

As shown in Figure 1, both flatpacks had bases and top frames of 
gold-plated Rovar and gold-plated Kovar leads sealed wi th  glass. 
larger  flatpack, the glass  formed a spacer between the base and frame, 
whereas t h e  smaller f latpack had a Rovar body of a castel la ted design, 
metallurgically bonded t o  the base, and the glass  served on ly  t o  sea l  
the leads. 

In  the 

This l a t t e r  design offers  greater  s t ruc tura l  r igidi ty .  

Thickness measnremtmts on the frame of the 3/8-inch-square flatpack 
showed an average thickness of 0.038 inch, with variations as great as 
i0.0025 inch. 
with variations of iO.0015 inch. 
sul t ing chief ly  from non-parallelism of the top and bottom faces, intro- 
duced alignment problems and sometimes prevented complete peripheral con- 
t a c t  of the we1d”ing t i p  with the surface t o  be welded. 

The 1/4-x-1/8-ineh flatpack measured 0.034 inch thick, 
As noted l a t e r ,  these variations, re- 

A quantity of 150 Westinghouse 3/8-inch-square flatpacks, together 
with 150 gold-plated Kovar covers, were procured from Zell Products 
Incorporated, Torwalk, Connecticut. 
flatpacks, manufactured by Texas InB%ruments, were procured: 
the Goddard Space Fl ight  Center, 80 from Texas Instruments domestic 
plants, and 20 wi th  mounted semiconductor wafers from the Texas Instru- 
ments plant  i n  England. 

A t o t a l  of 149 of the  l/h-x-1/8-inch 
49 through 
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/Gold-Plated Kovar 
Top Frame 

-Glass Body 

\C)old-Plated Kovar 
Bottom Frame 

3/8-Inch-Square Frame 
(Westinghouse Flatpack) 

Kovar Body 

l/b-x-1/8-Inch Frame 
(Texas Instrume n t s  Flatpack) 

Figure 1 

FLATPACKS USED I N  THIS PROGRAM 
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T E C H N I D Y N E  I N C O R P O R A T E D  

B. Cover Materials 

The following cover materials were used wi th  the respective flatpacks: 

F1 atpac k Material 
3/8-inch-square Aluminum al loy 3003-Hl8 

Aluminum alloy 1145-0 
Kovar , go1 d-plate d 

Copper, commercially pure, annealed 
"Af1 nickel, SQOpinch gold plating 
Alloy 180 (22% copper, 78% nickel) 

1/4-x-1/8-inch Aluminum al loy 3003-En8 
Aluminum alloy l45-Hl9 
Alumi-mrm alloy 5154-Hl8 
Nicke 1 , g ol d-pl ate d 

Kovar, gold-plated 

Gage 
(inch) 
0.006 

0.006 

0.010 
0.005 

0.006 

0.010 

0.005 

0.006 

0 -005 

0.005 

0.004 

0.003 

I n  an e f f o r t  t o  improve bonding, f o i l  inter leaf  materials were in- 
eerted between the cover and the frame. Three inter leaf  materials were 
ased with the 3/8-inch-square flatpack: 0.0005-inch gold, 0.00015-inch 
gold, and 0.0003-inch 110O-Hl4 aluminum alloy. Gold-germanium pref orm 
inter leaves were used w i t h  the l/b-x-1/8-inch flatpack. 

C. Materials Preparation 

Pr ior  t o  welding, the mating surfaces of the flatpacks and covers 
were w i p e d  wi th  perchloroethylene er acetone. In addition, the larger 
f la tpacks were ground on t h e i r  bottom surfaces and i n  some instances 
hand-lapped on the top surfaces t o  minimize thickness var ia t ion (Section VI. 
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111. ULTRASOI?IC WELDING EQUIFTGRT 

Ultrasonic welding of the l a r g e r  f latpack was carried out wi th  an 
available laboratory torsional welder operating a t  a nominal frequency 
of 15 kc, 
17.5-kc l a t e r a l  drive welder were used. 

For the smaller flatpack, both a 28-kc torsional welder and a 

A. ls-kc Torsional Welder 

The 1S-kc laboratory-model torsional welder ( a  forerunner of the com- 
mercial model shown i n  Figure 2)  used f o r  the la rger  flatpacks was equipped 
with six magnetostrictive nickel-staak transducers which had a t o t a l  power- 
handling capacity of 10 kilowatts. These transducers delivered longitudi- 
na l  vibration through wedge-shaped couplers to tangential  points on a ver- 
t i c a l  reed member, which thus executed torsional vibration. 
system permitted appliaation of clamping force t o  the weld members through 
the anvil  assembly. 

A hydraulic 

The welder was modFfied t o  incorporate an impedance-matching coupler 
and annular welding t i p  t o  accommodate the flatpack geometries. 
was flat-faced s i m e  the flatpack frame defined the weld area, although 
aontonred welding t i p s  are generally used f o r  annular welds. 
faced anvil was used. 

The t i p  

A f l a t -  

Checkout of the welder was aarried out w i t h  coupons of aluminum 
alloy, copper, and nickel, each material welded t o  i t s e l f .  Representa- 
t ive welds between coupons of 0.012-inch 3003-m8 aluminum al loy (made 
a t  1000 watts power, 400 pounds clamping force,  and 0.3 second weld 
time) proved t o  be helium leaktight,  indicating sa t i s f  actory performance. 

B. 28-kc Torsional Welder 

It appeared advisable t o  use a higher frequency syetem for welding 
the smaller flatpacks. 
smaller system and, w i t h  torsional vibratory systems, permits a smaller 
m i n i m u m  weld diameter; calculations lndiaated t h a t  28 ko would permit a 
minimum diameter of approximately 0.15 inah, compared t o  appraximately 
0.4 inuh for the 1S-ka system. 

An increase i n  frequency d ic ta tes  a physically 

A higher frequency system af fers  another advantage for torsional weld- 
ing of flatpacks of the a r r e n t  design, i n  which the glass  or ceramic used 
t o  sea l  the leads has a s t r a i n  l i m i t  beyond which cracking may oaaur. The 
analysis in Appendix I indicates t ha t  the power t h a t  can be applied f o r  

6 



T E C H N I D Y N E  

Figure 2 

STANDARD COMMERCIAL 1S-KC TORSIONAL WEZDER 
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welding is proportional t o  the square of the frequency when other varia- 
bles  are  aonatant. Thus by approximately doubling the frequency (from 1s kc t o  28 kc), the power is increased nearly four  times f o r  the stme 
vibratory s t r a i n  applied t o  the glass seal .  

To solve the a l tgment  problem, a preaision anvi l  f ix ture  waa de- 
signed t o  provide aumrate p6sitioning of the l/h-x-l/8-inch f latpack 
and a l so  t o  provide r e s t r a in t  against ro ta t iona l  movement of the f l a t -  
p a k  during welding. Figure 6 shows the f ix tu re  mounted on the anvil 
of the lateral-drlve welder i n  woh a way t h a t  t h e  direct ion of vibrat ion 

l i s  perpendicular t o  the long sides  of the flatpack. 

For these reasons, the  laboratorp-type 28-kc torsional welder shown 
i n  Figure 3 was assembled f o r  use wi th  the smaller flatpacks. 
incorporated four  nickel-atack transducers, having a t o t a l  power-handling 
capaaity Oi 1200 watts. 
f o r  the required weld-area (upproximately 0.04 square inch). 
inaorporated a hydraulic clamping force sys tem. 

This  system 

It was expected tha t  t h i s  power would be adequate 
"he welder 

A welding t i p  adntoured t o  the flatpack frame geometry was designed 
as shown in Figure 4. 

C. 17.s-kc Lateral-Drive System 

This system, assembled from exis t ing components and adapted f o r  weld- 
ing the smaller flatpacks, was activated by a nickel-stack transducer which 
had a power-hanclling capacity of 2 kilowatts, 
longitudinal vibration through a l a t e r a l  coupler t o  the welding t i p ,  which 
executed l a t e r a l  vibration. 
t i p  havlng a surface area defined by the flatpack frame. 

The transducers delivered 

The array was equipped w i t h  a f l a t  welding 

The syatem was mounted on a trunnion, as shown i n  Figure 5 ,  and 
force was app l i ed  by a hydranlic aylinder which reacted through the mount- 
ing pivots. This mounting and force application system was found unsatis-  
factory f o r  flatpack weldingj para l le l  alignment between the welding t i p  
and the anvil surface could not be maintained, and the r a t e  of force ap- 
pl icat ion wae di f f  i a n l t  t o  control. 

D. Cheakaat of Weldillg Systems 

The 28-kc torsional welder amd the la teral-dr ive welder were evaluated 
n i t h  1-inoh-uide ooupona of 0.OOS-inch aluminum alloy. 
the  r e su l t s  of tensile-shear atrength t e s t s  on these welds. 
weld strength was suf f ia ien t  t o  induce f a i lu re  of specimen8 by tearing 
ant the weld region rather  than by shearing or peeling the weld i tself ,  
indiaating satisfaotory perf ormanae of both welder8. 

Table I presents 
In  all oases, 
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r *37+1 

Figure 3 

28-KC TORSIONAL WELDER 

Dia. 
I-- - 4 2 0 4  

I 
Figure 4 

WELDING TIP FCR USE WITH THE 28-KC TORSIONAL 
WELDER ON TKE l/L-x-1/8-INCH FLATPACK 
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Figure 5 
17.S-KC LATERAL-DRNE WELDER I N  ORIGDJAL MOUNT 
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Figure 6 

PRECISION ANVIL FIX- FOR 1/4-~-1/8-IXNcH FLATPACK 



Table I 

WELD STFENGTHS OF O.OOS-INCH 3003-H18 ALUMINUM 
WELDED TO ITSELF 

System 
28-kc Torsional 

(annular t i p )  

28-kc Torsional 
(rectangular t i p )  

17.5-kc Lateral-drive 

17.5-kc Lateral-drive 

1 7  .S-kc Lateral-drive 

Power 
(watts) 

600 

800 

850 

850 

850 

Weld Strength 
( lbs)  

M a x .  Min. Av. - - -  
62 55 as* 

56 37 49.9* 

72 72* 

7 1  72* 

72 

73 

73 69 71* 

* Failure of specimen occurred i n  parent material. 

E. Precision Welder Frame and Force System 

The hydraulic systems of t h e  28-kc tors iona l  welder and the 17.5-kc 
lateral-drive welder  were not capable of sensi t ive force application 
within the low clamping force range (200-300 pounds) required f o r  weld- 
ing f latpacks. 
system had not been solved, even w i t h  the precis ion anvi l  f ix ture .  
Sat isfactory weld data could not be developed on the smaller f la tpack 
using these systems. 

Furthermore, alignment problems with the la teral-dr ive 

I n  consultation with NASA personnel, it w a s  concluded t h a t  the experi- 
mental e f fo r t  should be interrupted u n t i l  a more precise and r i g i d  welder 
frame could be fabricated.  
beyond the scope and funding of the program, the work was undertaken by 
Technidyne a t  no cost  t o  the Government. Experimental e f f o r t  on the con- 
t r a c t  was interrupted for several  months pending completion. 

Inasmuch as such equipment development was 

The frame, designed t o  accommodate both the la teral-dr ive and the 
tors ional  systems, i s  ahown i n  Figure 7 with t h e  la te ra l -dr ive  system 
ins ta l led .  
platen of t h e  frame. Clamping force was applied by ra i s ing  the anvi l  
assembly with precision pneumatic pressure cylinders.  
horisontal alignment and centering was provided by an adjustable pre- 
c i s ion  way-slide assembly i n  the anvi l  support (Figure 8).  

The welding head was r ig id ly  mounted t o  the upper t r iangular  

Provision for 

1 2  
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Figure 7 

PRECISION FRAME WITH 17.S-KC LATERAL-DRIVE SYSTEM INSTALLED 

Figure 8 

WAY-SLIDE ANVIL ASSEMBLY 



A. Welding Machine Sett ings 

The threshold-curve technique was generally used t o  bracket welding 
machine set t ings of power, clamping force,  and weld time f o r  each f latpack- 
cover combination, although the se t t ings  thus indicated required modifica- 
t i on  because of the f r a g i l i t y  of the flatpaeks. 

To construct a threshold curve, a reasonable value of weld time, 
usually less than 1 second, is first  selected,  Then, using an arbi t rar i ly  
selected value of clamping force, welds are  made a t  progressively decreas- 
ing values of e l e c t r i c a l  power input t o  t h e  transducer, u n t i l  the r e su l t -  
ing welds no longer f a i l ,  when manually peeled, by tearout of the weld 
nugget. 
be made a t  t h a t  clamping force. 
ing force values, and the r e su l t s  are  plot ted as a curve of power vs. 
clamping force, which i s  concave upward as shown below: 

This establishes the minimum power a t  which e f fec t ive  welds can 
The procedure i s  repeated a t  other clamp- 

No Weld 

Clamping Force - 
The minimum point on the curve es tab l i shes  the clamping force a t  

which welds are produced with l ea s t  power ( i - e . ,  best  impedance matching 
i n t o  the weldment) , The t o t a l  required welding energy i s  then a product 
of the indicated power and t h e  weld time used. 
corresponding decrease i n  time, or  vice versa, w i l l  provide t h e  same 
t o t a l  energy. 

Increases i n  power with 
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B. Evaluation Techniques 

The hermetic qual i ty  of the welded flatpack assemblies was evaluated 
by helium-leak t e s t s  and hot-oil immereion tes t s .  
ments #ere also examined metallographically. 

Representative weld- 

1. Helium-Leak Test 

The 3/8-inch-square flatpack assemblies were subjected t o  
helium-leak t e s t  using a VEECCT Model MS-9AB mass spectrometer calibrated 
t o  a sens i t iv i ty  of appreximately 2 x cc of helium per second a t  
STP. 
connected t o  the input of the mass spectrometer, which produced a vacuum 
inside the flatpack. AB a j e t  of helium gas was passed around the pack- 
age, d i f fe ren t ia l  pressure (not exceeding 1 atmosphere) caused helium t o  
f low through any leaks. 
helium molecules within the flatpack. 

The bottom cover of a welded package was punctured and the puncture 

The mass spectrometer detected the presence of 

2. Hot-Oil Immersion 

The l/b-x-1/8-inch flatpack assemblies were tested by hot-oil 
immersion i n  accordance w i t h  MIL STD-202C, Condition A of Method 112.  
The welded packages were immersed i n  silicone o i l  (Dow Corning 200) 
heated t o  about 190°C. 
flatpack which tended t o  open passages through the weld and allow the 
escape of air. Leakage was detected by the presence of bubbles i n  the 
l iquid.  

The heat created an internal  pressure i n  the 

3. Metallographic Examination 

Selected flatpack assemblies were sectioned through the weld 
area, mounted, polished, and etched, and examined by means of a Vickers 
metallograph a t  magnitudes up t o  SOOX, 



V. ULTRASONIC WELDING OF 3/8-INCH-SQUARF FLATPACKS 

I n i t i a l  work was carr ied out with the 3/8-inch-square flatpacks, 
using the 15-kc torsional welder, t o  expose welding problems and estab- 
l i s h  conditions f o r  bonding covers t o  t h e  f latpack frames. 

A. Non-Parallelism of Flatpack Surf aces 

Successful ul t rasonic  welding of an annular configuration i n  a s ingle  
pulse requires t h a t  the surface t o  be welded be reasonably f l a t  and pa ra l l e l  
t o  the welding surface. If the weldment member i s  supported on a f l a t  anvil ,  
as was the case with the flatpacks, the top OF welding surface must be paral- 
l e l  t o  the bottom surface seated on the anvil. 
parent that  the flatpacks obtained f o r  t he  work d i d  not have the degree 
aP parallelism desired f o r  such small-diameter welds, and tha t  they were 
characterized by surface waviness and t w i s t .  

It immediately became ap- 

Twenty-f our of the 3/8-inch-square f la tpacks were selected a t  random 
Measurements were 

The f la tpacks were supported on a 

and measured for surface and thickness i r r egu la r i t i e s .  
made w i t h  a ball-point micrometer ca l iper  (1/8-inch spherical  radius b a l l )  
reading t o  the nearest 0.00025 inch. 
eurface plate  and the  periphery of each was scanned under the ball-point 
by rotating the f la tpack through 360 degrees so t h a t  a l l  four  s ides  were 
measured. The measurements, presented i n  Table 11, indicated t h a t  varia- 
t ions resul t ing from non-parallel surfaces, t w i s t ,  and waviness were as 
much as  k0.0025 inch. Both visual inspection and thickness measurements 
showed tha t  non-parallelism of the surfaces was the major f a c t o r  con- 
t r ibut ing these variations,  although waviness of the top surface of some 
samples was also s ignif icant .  

I n  an e f f o r t  t o  accdmodate these i r r egu la r i t i e s ,  i n i t i a l  welding of 
the flatpacks was carr ied out with 0.006-inch 3003-~18 aluminum a l loy  
covers, which i t  was thought might have su f f i c i en t  mal leabi l i ty  t o  deform 
under the  welding forces.  
2000 t o  4000 watts e l ec t r i ca l  power input, 100 t o  400 pounds clamping 
force, and 0.1 t o  O e 4  second weld in te rva l ,  
were not obtained under these conditions, 

Machine se t t ings  were varied over a range of 

Complete peripheral  welds 

Another approach used t o  compensate for nsn-parallel top and bottom 
surfaces was meticulous alignment of the anv i l  so t h a t  the top surface of 
the flatpack was pa ra l l e l  t o  the welding t i p ,  
peripheral weld was obtained with a cover of 0 . 0 0 6 - f ~ ~ ~ h  3 0 0 3 ~ ~ 8  aluminum 
alloy. However, this technique is  impraetical because it would require 
realignment f o r  each flatpack. 

By t h i s  means, one complete 

The experiment was performed only t o  
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Table I1 

THICKNESS MEASDREMWTS Om 3/8-INCH-SQUARF: FLATPACKS 

No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
1 7  
18 
19 
20 
2 1  
22 
2 3  
24 

- 
Total Deviation (inches x 0.001) 

Side 1 Side 2 Side 3 Side 4 - - - - 
2 4 1 5 
-0.5 1*5 0 1 
1, 1.5 2 2 
2 0.5 1 0.5 
3.5 3.5 3 4*5 
2 4.5 1 3 
0 0.5 2.5 1 
0.5 2 1.5 1 
2 2 3 2 
2 
0.5 
2 
2 
3 
2 
0.25 
0.25 
3 
0.25 
0 
0 
1 
2 
1.5 

2 
3 
5 
5 

t5 
2 
1 
2 

2 
0 s  

1.5 
0.25 

o w 5  
1 

- 
2 
0.25 
5 
0.5 
3 
3 
0.5 
2 
3 05 
0.25 
0.25 
1.5 
0 
3 
0.5 

1.5 
0.25 
0.25 
0.25 
0.25 
3 
0.25 
1.5 
0.5 
0.5 

0.25 
1 

1 
1 
2 
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demonstrate t h a t  complete closures could be obtained with adequate align- 
ment. Development of a self-aligning anvi l  was considered, but the de- 
s ign  and development e f f o r t  required was beyond the scope of the program, 
and t h i s  approach was not pursued. 

The problem was discussed with Zell Products representatives, who 
indicated t h a t  it might be prac t ica l  t o  fabr ica te  a l i m i t e d  quantity of 
f la tpacks with surfaces pa ra l l e l  within 0.001 inch, although t h i s  would 
require modification of t h e i r  exis t ing production tooling. 
after th i s  consultation, Zell discontinued flatpack manufacture, and the 
higher preuision flatpacks were not f orthcoming. 

Short ly  

Flatpacks with pa ra l l e l  surfaces were f i n a l l y  obtained by special  
processing a t  Technidyne of the as-received Zell flatpacks.  
pack wa8 placed, w i t h  the top or  welding surface down, on the magnetic 
chuck of a surface grinder, and the bottom surface was ground pa ra l l e l  
t o  the  top surface. Thickness measurements made 0n six typical samples 
after grinding (Table 111) showed tha t  thickness var ia t ion  was reduced 
t o  l e s s  than 0.0005 inch, compared t o  0.0025 inch before grinding. 

Each f l a t -  

Table I11 

RESULTS OF THICKNESS MEASUmNTS AND MICRCGCOPIC INSPECTION 
OF 3/8-INCH-SQUAFtE FLATPACKS AFTER GRINDING 

Sample 
No. 

70 

71 

72 

73 

74 

75 

Thickness (Inches) 
A B C D 

0.042 0.042 0.042 0.042 
- 

,040 .Ob0 .Oh0 . 040 

Mic r osc 0pic Inspec ti on 
Cracks i n  Glass 

None 

None 

None 

None 

None 

None 

A emall number of special-precision f la tpacks (var ia t ions less than 
0.0001 inah) were prepared by hand-lapping the top surface p r i o r  t o  grind- 
ing t h e  bottom. Lapping removed some of the surface i r r e g u l a r i t i e s  and 
waviness on t h e  frame, but  also removed some of the gold plat ing.  They 
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. 
were replated with gold by the supplier, Zell Products Incorporated, and 
de'cked for 'hemettci ty .  Of' 19 flatpacks thus reprocessed, 8 were leak- 
t i g h t  and 11 leaked through the glass sea l  (body). It appeared tha t  the 
grinding wheeel had contacted the glass f i l l e t  a t  the edge of the bottom 
aover, causing the glass  t o  crack. 
been refined, but it provided suff ic ient  leakt ight  packages for prelimi- 
nary investigation. 

The grinding operation could have 

B. Welding of Aluminum Covers 

Welding was performed wi th  the 0.006-inch 300348 aluminum al loy 
covers and the flatpacks tha t  had been ground t o  a parallelism of 20.0005 
inch. 
0.1 second weld interval,  and 200 pounds clamping force produced bonding 
over mos6 of the periphery. 

Machine set t ings of 4000 watts e l ec t r i ca l  power t o  the transducers, 

Experience indicated tha t  a thicker or softer cover should provide a 
s l i gh t ly  greater degree of defamation 80  as  t o  accommodate the remaining 
waviness, and a sof'ter aluminum alloy, 114s-0, af the same thickness 
(0.006 inah) was selected. Machine set t ings of 4000 watts, 0.25 second,. 
and 200 pounda resulted i n  complete peripheral welds, but the samples 
were not leaktight.  
substrate glass, which were attr ibuted t o  cyclic vibratory s t r a i n  occur- 
r ing i n  the glass  inter layer  during welding. 
by reducing the- power t o  2200 watts while increasing the weld time t o  
0.3 seaond. 
seconds to 660 watt-seconds.) Five of seven specimens prepared a t  these 
se t t ings  were helium leakt ight  when tes ted on the mass spectrmeter.  
One of theee specimens is  shown i n  Figure 9. 

Microscopic examination showed small cracks i n  the 

The peak s t r e s s  was reduced- 

(Electr ical  energy input was thus reduced from 1000 w a t t -  

C. Metallographio Examination of Aluminum Cover Welds 

Two of the leakt ight  specimens prepared w i t h  the ll45-O aluminum 
a l loy  cover material were sectioned for study' of metallographic uharac- 
teristius. The representative photomicrograph shown i n  Figure 10 indi- 
uates t h a t  uniform bonding occurred between the gold-plated surface and 
the aluminum cover sheet. 
the hermeticity af the package seal a re  not apparent. 
t r a t i o n  of the faying surfaces can be observed, w i t h  fragmentation and 
dispersion of the aluminum oxide surface f i l m  along t h e  bond interface.  
The dark band a t  the aluminum-gold interface was caused by the  s l i gh t ly  
d i f fe ren t  surface levela of the two materials, resulting from differing 
ratea of metal removal during mechanical polishing. 
thua produced obscures some of the interface de ta i l .  

Voids or other imperfections t h a t  might impair 
Shallow interpene- 

The shadow l i n e  



Figure 9 

LEAKTIGHT 3/8-INCHSQUARE FLATPACK 
WITH ULTRASONICALLY WELDED COVER 

Cover Material: 
Ult rasonic  System: ls-kc Torsional 

0.006-inch 1145-O Aluminum Alloy 

Figure 10 

PHOTQMICROGRAPH CF ULTRASONIC WELD 

Magnification: SOOX 
Etchant: 0.5% HF 

BETWEEN GOLD-PLATED KOVAR AND ALUMINUM 

20 

1145-0 Aluminum 

<Gold  r Pla t ing  

Kovar 



T E C H N l D Y N E  I N C O R P O R A T E D  

The photomicrograph does not reveal the structure of the gold-plate 
layer and the Kovar substrate; the chemical etchant (0.5-percent hydro- 
f luo r i c  acid) attacked on ly  the aluminum, and shadow l ine8 s i m i l a r  t o  

tween the harder dispersed-phase par t ic les  and the s o f t  aluminum matrix. 
t tha t  produced a t  t h e  j o i n t  interface are apparent a t  the boundaries be- 

D. Welding of Gold-Plated Kovar Covers 

Gold-plated Kovar covers (supplied w i t h  the flatpacks) were welded 
t o  the flatpacks tha t  had been lapped on the top surface before being 
ground on the bottom (these unita had surface variations of l e s s  than 
0.0001 inch). 
1900 t o  2500 watts, 0.35 t o  0.6 second, and 275 t o  300 pounds, bonding 
between the gold platings occurred only a t  the corners of the packages. 

Using welding machine set t ings varied over a range of 

The available thickness of ducti le material was then increased by 
inser t ing various inter leafs :  0.0005-inch gold, 0.00015-inch gold, and 
0.0003-inch 1100-Hl4 aluminum alloy. 
yielded the most uniform bonding, but the peel strength obtained a t  the 
corners was greater  than tha t  on the sides. 
was a t t r ibu ted  t o  the geometry IS the flatpacks, sinue the acoustic power 
delivered t o  the corners of the square r ing weld is greater  than t h a t  de- 
l ivered t o  the midpoints of the sides. 

The 0.0005-inch gold inter leaf  

This preferent ia l  bonding 

A pract ical  solution was sought by increasing the weld time, thus 

With the 0,0005-inch gold inter leaf  in- 
exposing the corners t o  s l igh t ly  exeess power i n  order t o  cause the weld 
t o  propagate along the sides. 
serted, complete peripheral welds were achieved a t  1.5 seconds, 2000 
watts, and 275 pounds. Attempts t o  peel the covers induced f rac ture  
through the glass  substrate, indicating the superior strength af the 
bonde 

"he use of the inter leaf  may have been c r i t i c a l .  The average thick- 
ne88 of the gold plating on the cover and on the flatpack was reported by 
t h e  supplier t o  be 0.0002 inch. However, metallographic examination of 
one specimen welded without an interleaf showed that  the gold plating on 
the frame was only 0.0001 inch thick, while t ha t  on the cover was 0.0006 
inch thick. 
samples also. The th in  layer on the frame was restrained by the more 
r i g i d  Rovar substrate and could not provide much p las t ic  deformation. 

The observed difference is presumed to  have existed i n  other 

Subsequent t o  t h e  foregoing, only three of t h e  leaktight,  special- 
precision (pa ra l l e l  within 0.0001 inch) f latpacks remained. 
Rovar covers were welded t o  t h e i r  frames a t  the above set t ings with the 
gold-foil inter leaf  inserted, 
test t o  be hermetically sealed. 

Gold-plated 

One specimen was shown by helium leak 
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E. Evaluation of Other Cover Materials 

Three additional cover materials were evaluated by welding to  the 
3/8-inch-square flatpack : 0 a 005-inch commercially pure copper, annealed; 
0.005-inch “Arr nickel with a gold plating of 500 microinches f o r  a t o t a l  
thickness of 0.006 inch; and 0.010-inch Alloy 180 (22  percent copper, 
78 percent nickel). 

Threshold curves f o r  welding each material t o  gold-plated Kovar were 
constructed, as previously described, t o  determine the s t a t i c  clamping 
force required t o  produce coupling t o  the weldment. These curves were 
obtained by welding 0.11-inch-wide ribbons of the candidate cover material 
t o  3/8-inch-square gold-plated covers. 
second f o r  t h e  copper and Alloy 180, and 1.0 second f o r  gold-plated nickel. 
The threshold curves thus derived (Figure 11) show the optimum clamping 
forces  f o r  welding these cover materials t o  the flatpack material t o  be 
i n  the range of 500 t o  600 pounds, well i n  excess of the 300-pound l i m i t  
beyond which damage to  the glass sea l  of‘ the f la tpack had occurred during 
welding of aluminum and gold-plated Kovar covers. 

The selected weld times were 0.5 

Covers of each of the thpee materials were welded t o  flatpacks tha t  
were leakt ight  after having been ground on the bottom surface t o  provide 
para l le l  surface8 within 0.0005 inch. 
mmmariaed i n  Table IV. 
stances, leaktight specimens could not be produced. The high elamping 
forces  and levels  of energy required t o  bond these re la t ive ly  hard ma- 
t e r i a l s  induced fracture  of the ceramic body, probably a t  t h e  localiaed 
preseure points associated wi th  the 0.0005-inch non-parallelism. 

Machine se t t ings  and r e su l t s  are 
Although good bonding was obtained i n  some in- 

Welding was attempted using the 0.0005-inch gold-foil inter leaf  t h a t  
had permitted complete peripheral bonding of the gold-plated Kovar covers. 
With theae materials, use of the inter leaf  d i d  not permit suf f ic ien t  re- 
duction of machine set t ings t o  allow reproducible banding without damage 
t o  the glass body cf the flatpack. 

The investigation w i t h  the 3/8-inch-equax-e flatpack showed tha t  a 
leakt ight  package could be produced w i t h  e w e r s  of 0.006-inch 1145-0 
aluminum al loy ultrasonically welded t o  t h i s  f latpack with t h e  15-kc 
tors ional  welder, 
Kovar covers using a 0.0005-inch gold in t e r l ea f .  

Complete peripheral welds were also obtained with the 

Because the or iginal  supply of‘ 150 f la tpacks wa8 consumed i n  these 
investigatione, and e f fo r t s  t o  procure additional packages f o r  fu r the r  
investigations and f o r  supplying samples t o  NASA were unsuccessful, 
fur ther  efforts were concentrated on the smaller f latpacks.  
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Figure 11 

POWER-FORCE THRESHCLD CURVES FOR WELDING 
COVER MATERIALS TO GmD-PLATED KOVAR 

A. 0.010-inch Alloy  180, t = 0.5 second 
B. 0.005-inch Copper; t = 0.5 second 
C. 0.006-inch Gold-Plated Nickel; t = 1.0 second 
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Table I V  

WELDING COVERS OF COPPER, GOLD-PLATED NICKEL,  
AID ALLOY 180 TO 3/8-INCH-SQUARE FLATPACKS 

Welding Conditions 
C 1  amp ing 
Force 

Cover Material (pounds) 
0.005" Copper 500 

500 

500 

300 

0.006" Gold-Plated 400 

400 

400 

' A '  Nickel 

0.010" Alloy 180 300 

300 

Power 
(watts) 
2900 
2900 

2200 

2200 

3600 

3600 

2 900 

2900 

3800 
2000 
1000 

3800 
3000 
3000 

4000 

LOO0 

4000 

4000 
3000 

Weld 
Time - (set) 
O S  
O * 4  

0.9 

0 s  

0.5 

0.5 

0.5 

0.3 

0 s  
0.5 
1.5 

0.5 

0.5 

09 3 
0.2 

0.2 

0.1 

1 .a0 

0.5 

Remarks 
Oood bonding. Ceramic sea l  cracked. 

Only 500 p pump-down obtained. 
Crack i n  ceramic seal .  
Complete weld. Bottom cover sepa- 
rated from ceramic seal.  
Welded on only one edge. 
sea l  cracked. 

h o d  bonding. Ceramic seal 
damaged. 

Pa r t i a l  bonding. Ceramic sea l  
cracked. 

Par t ia l  bonding. Ceramic s e a l  
cracked, 

h o d  bonding along edges. 
Corners not bonded. 

Ceramic 

Uniform bonding. Shattered seal .  
Double pulse. Crack i n  seal.  
0.0005*1 gold in te r leaf  used. Oood 
bonding; ceramic sea l  cracked. 

Ceramic s s a l  cracked. 

One corner not bonded. 

Double pulse. Non-uniform bonding. 
Ceramic sea l  cracked. 

Ceramic body cracked. 
No cracks. Cover eas i ly  peeled 
from frame. 

Not leakt ight .  
dawn pressure obtained. 

No bonding. 
Ceramic body cracked. About 75% 
of picture frame area bonded. 

Only 100 p pump- 
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T E c n N I D'Y r i  E I N c o R k o  R A T  E D  

VI. OLTRASONIC WELDING O?? 1/4-X-1/8-INCH FLATPACKS 

Welding of the 1/4-x-1/8-inch flatpacks was carried out w i t h  both 
the 28-kc torsional and the 17.S-kc lateral-drive welders. 
of r e su l t s  obtained, the 1 7  .S-kc lateral-drive welder, instal led i n  the 
precision frame, was used f o r  the f i n a l  investigation and sample prepa- 
ration. 

On the basis 

A. Non-Parallelism of FlatDack Surfaces 

Prior t o  welding, thickness measurements were made on representative 
l/h-x-1/8-inch flatpacks. Since non-parallelism had been the major cause 
of thickness var ia t ion w i t h  the la rger  flatpacks, these measurements w e r e  
made only a t  four  discrete points on the flatpack frame. 
point micrometer cal iper  reading t o  the nearest O.BOQk?Si inhh wasiiasdd. 

A standard bal l -  

Table V presents measurements on fourteen flatpacks f r o m  the group 
obtained f r o m  the Goddard Space Fl ight  Center used i n  welding development. 
Table VT presents measurements on fourteen flatpacks from the group used 
i n  the f i n a l  investigation, which were obtained from Texas Instruments 
domestic and England plants. 
l e s s  than those measured for the larger flatpacks.  
i n  each group showed variations of 0.0005 inch, and few exceeded 0.001 
inch. 

Thickness variations were substantially 
Half of the samples 

None of these smaller packs were ground or lapped before welding. 

B. Welding Development 

1. Welding of Aluminum Covers 

In order t o  ascertain a sat isfactory clamping force f o r  welding 
covers of O.OOS-inch 3003-rn8 aluminum a l loy  t o  the gold-plated Kovar 
frame, threshold curve data f o r  welding the aluminum al loy t o  i t s e l f  were 
obtained wi th  both welding systems. 
ped with a t i p  contoured f o r  the l/b-x-1/8-inch flatpack, providing a 
weld area of 0.039 square inch. The l,&&eral-drive welder had a s l i gh t ly  
l a rge r  weld area, 0.046 square inch. 
Figure 1 2 ,  indicated an optimum clamping force i n  the v iu in i ty  af 350 
pounds for both systems. 
tors ional  system, at t r ibuted a t  l e a s t  i n  par t  t o  the shorter weld time 
used. 

The 28-kc torsional welder w a s  equip- 

e resul t ing curves, shown i n  

A higher power l eve l  was indicated f o r  the 



Table v 
THICKNESS MEASUREMENTS ON TEXAS INSTRUMENTS 

1/4- BY 1 / 8 - I N C H  FLATPACKS 

S amp1 e 
No. 
1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

1 3  

14 

Thickness (inch) a t  Position: 
A 

0 0335 

0.0340 

0.0345 

0 0335 

0.0360 

0.0340 

0.0350 

0 0335 

0.0350 

0 0355 

0 0335 

0.0330 

0 0335 

0.0350 

B 
0.0325 

0 00335 

0.0350 

0.0340 

0.0370 

0.0340 

0 03% 

0.0335 

0.0345 

0.0350 

0.0340 

0.0320 

0.0335 

0.0345 

C 
0.0340 

0 0335 

0.0340 

0.0310 

0.0350 

0.0350 

0 03% 

0.0330 

0.0345 

0.0350 

0 -0335 

0.0315 

0.0330 

0 -0355 

D 
Difference 

(inch) 
0.0315 

0.0335 

0.0350 

0.0340 

0.0370 

0.0340 

0.0350 

0.0335 

0 -0345 

0.0350 

0.0340 

0.0325 

0.0330 

0.0340 

0.0025 

0.0005 

0.0010 , 

0.0030 

0.0020 

0.0010 

0.0005 

0.0005 

0.0005 

0.000s 

0.0005 

0.0015 

0.0005 

0.0015 
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T E C H N I D Y N E  I N C O R P O R A T E D  

Table V I  

~ -~-- 

THICKNESS ME2SUREMENl'S ON 1/4-X-1/8-INCH FLATPACKS 
USED FOR FINAL SAMPLE PFEPARATION 

Package 
No. 

103 
104 

105 
106 
10 7 
108 

109 

110 

111 

1 1 2  

113 
114 
115 
114 

Thickness ( inch)  a t  Pos i t i on :  

A B C D 
0.0340 0.0330 0.0340 0.0340 

0325 ,0325 0325 .0320 
0325 *0330 .o 320 *0325 

0315 .0320 -0330 0325 

0330 bo330 00330 .0328 
-0330 0330 0335 .0335 

-0335 0345 -0345 0340 
-0345 0340 0340 0 340 
00335 0340 0340 *0340 
0335 0335 0340 0345 
0335 0335 0340 - 0340 

.0320 -0325 0325 .0320 
0340 0340 0340 0340 

0.0340 0.0335 0.0335 0.0340 

Maximum 
Dif ference  

0.001 
.001 
.OOOS 

.015 

.0m2 

.0005 

.0005 

.0005 

. 0010 

.0005 

.0m0 

.0005 

0.0005 

.001 



1000 

800 

m 
4 
4 a 

I 
k 

* 600 

E 
P-l 
rl 
(d 

LOO 
4 
0 

w 4 

200 

0 

'\ 
'\ / 

/' 
1 

0 
/ 28-kc Torsional 

\\ 
'\ 

'\ '. \ 

2 Area: 0.046 in. 
Time: 0.3 second 

I I I I I 1 
100 200 rn 400 500 600 

Clamping Force - pounds 

Figure 1 2  

PMR-FORCE THRESHOLD CURVES FOR WELDING 0.OOS-INCH 
ALUMINUM ALLOY TO ITSELF WITH 'IWO WELDING SYSTEMS 
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T E C H N I D Y N E  I N C O R P O R A T E D  

Using t he  28-kc tors ional  welder, covers sf" 0,005-ineh 3003-Hl8 
aluminum al loy were welded t o  several  f latpacks (frcm t h e  group l i s t e d  i n  
Table V) t o  determine ff the typical  won-parallelism of these packages 
could be overcome by preferent ia l  yielding of the  aluminum cover. 
ea1 results are presented in Table VIIo 
300 pounds proheed bowing af the lswg s ides  of &e flatpack, and loads 
of 400 pounds resul ted i n  collapse of the f la tpaek  sidewalls, Welding 
at 200 pounds clamping force resulted i n  coP7,apae of t h e  t h in  aluminum 
cover i n t o  the flatpack cavity. 

Typi- 
Clamping forces  i n  excess of 

During hot o i l  immemion t e s t s  on assembliiea welded a t  800 
watts, 200 pounds, and 0.25 second, escaping  ai^ bubbles indicated s m a l l  
i so la ted  regions of non-bonding, probably r e s u l t h g  f m m  nan-parallelism 
of the  flatpack surfacess 

Table VIP 

WELDING COVERS TO UPU'GROUND l/b-X-li8-TNCH 
F'LATPACKS WITH TRE 28-KC TORSIONAL WELDER 

Cover Material: 0,OOS-Ineh 3003-Hl8 Aluminum 

Welding Machine Set t ings 

Force Power Time 
Clamping 

(watts) (see) Remarks 
-p (1bs) 

150 800 0.25 oplly p a r t i a l  welding because of 
misaligment. 

200 800 0.25 Cover collapsed fnta flatpack 
cavity, Weld coverage uniform. 

400 400 0,25 FPatpaak deformed, 

2. Cover Material Evaluation 

Using the  17.5-ke ia teral-dr ive welder, assemblies were welded 
3003-K18 aluminum alloy, gold-plated nickel, with three cover materials: 

and gold-plated Kovar--all 0 , S O ~  inch thick,  
sented i n  Table VIII. 

Typical resu l t s  are  pre- 
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Table V I 1 1  

WELDING COVERS TO UNGROUND 1/4-X-1/8-INCH 
FLATPACKS WITH TRE 17.5-KC LATERAL-DRIVE WELDER 

Maximum 
Thickness Clamping 

Cover Variation Force Power Time 
(lb) (watts) (sec) - Material ( inch) 

Gold-plated 0.0010 170 850 0.3 
Kovar 

Oold-plated 0.0030 
Kovar 

Gold-plated 0.0005 
Rickel 

30O3-KI-8 0 0010 
Aluminum 

0.3 

0 .3  

0.3 

Remarks 

Complete weld not obtained a f t e r  
6 rotat ions of flat-pack. 

0.0005-inch gold inter leaf  used. 
Results same as above. 

Two welding pulses w i t h  180" 
rotat ion required t o  cover area. 
Small leak (hot o i l  t e s t )  

Uniform coverage. Small leak 
around one lead. 

3OO3-HI8 0.0020 170 850 0.1 
Aluminum 0.2 

Two successive pulses. No leaks 
during 5-minute immersion i n  hot 
o i l  ( 1 8 0 " ~ ) .  

Complete peripheral bonding was obtained only by repositioning 
(rotation) and repeat welding, because of the thickness variations and 
because the welder could not be aligned precisely enough i n  i t s  or iginal  
frame t o  obtain suf f ic ien t ly  aacurate centering or planar alignment. A s  
i n  the e a r l i e r  work w i t h  the la rger  flatpacks,  non-parallel surfaces pre- 
sented greater d t f f i cu l t i e s  wi th  harder cover materials (nickel and Kovar) 
A leak-tight closure (by hot o i l  immersion t e s t )  was obtained w i t h  one 
rotat ion between an aluminum cover and a sample having a 0,0020-inch 
thickness difference, whereas a complete weld could not be obtained w i t h  
six rotations between gold-plated Kovar and a f la tpack having the same 
thickness difference . 

Subsequent welding w i t h  gold-germanium preforms inserted between 
the gold-plated Kovar covers and the f la tpack d i d  not s ign i f icant ly  f a c i l i -  
t a t e  bonding. 
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3.  Welding W i t h  a Precision Anvil Fixture 

Welding of gold-plated Kovar covers was then carried out with 
the preoieion anvil f i x t u r e  (described on page 8) designed t o  provide 
precise positioning and r e s t r a i n t  of the l/l-x-1/8-inch flatpack during 
welding. 

Covers of 0.003-inch gold-plated Kovar were welded a t  850 
watts, 240 pounds, and weld times from 0.1 t o  0.7 second. 
showed small leaks i n  the hot o i l  tes t ,  and subsequent inspection of the 
weld interface after removing the cover revealed non-bonded areas, a t t r i b -  
utable t o  imperfect alignment w i t h  t h e  welding t i p .  

The samples 

Inspection of the welded packages pr ior  t o  leak-testing revealed 
tha t  an occasional f l a t  lead was broken off close t o  the body. 
age was at t r ibuted to high-amplitude vibration d the flatpack body while 
clamped in  the f ixture ,  which resulted i n  fatigue-fracture of the f l a t  
leads. Rotating the anvil  90 degrees and 15 degrees t o  the vibratory d i -  
rection did not reduce t h e  incidence of lead fracture,  and fur ther  e f f o r t  
with t h e  f ix tu re  was discontinued. 

Such break- 

The welding investigation up t o  t h i s  point had indicated tha t  

It was apparent, however, t h a t  
leakt ight  packages could possibly be obtained wi th  the l/l-x-1/8-inch 
flatpack using an aluminum alloy cover. 
the mounting frames and clamping force systems of the welders d i d  not 
provide the precision i n  alignment and f oree application required f o r  
f latpack encapsulation. 

The work was therefore interrupted pending completion of the 
precision frame and clamping force system (page 12) 

C. Final  Sample Preparation 

The objective adopted f o r  the concluding work on the program was t o  
obtain a leakt ight  cover seal, having good mechani-cal peel strength, 
without resorting t o  grinding or other corrective measures involving 
modification of the f latpack. 

1. Materials 

T h i s  work was carried out w i t h  l/h-x-1/8-ineh flatpacks obtained 

No leak t e s t s  were made on the  
from Texas Instruments domestic and England plants, which had shown rela-  
t i v e l y  law thickness variation (Table V I )  
packs pr ior  t o  welding; hence the in tegr i ty  of the glass seals  was unknown. 



Because aluminum covers had been shown previously t o  yield 
preferent ia l ly  a t  the low clamping forces implici t  wi th  f r a g i l e  glass com- 
ponents, two aluminum a l loy  covers were selected: 0.004-inch ll45-Hl9 and 
0.006-inch 51Sh-Hl8. Preliminary work indicated welds with the 1145 al loy 
t o  be inferior,  and a l l  the resu l t s  here reported were obtained wi th  covers 
of 0,006-inch SiSL-Rl8 aluminum alloy. 

2. EauiDment 

"he lateral-drive welding system was selected f o r  t h i s  work 
because it  provided a greater  available power range (2000 watts) than 
the m a l l  torsional system (1200 watts). Also, preliminary work w i t h  
t h i s  systan mounted i n  i t s  original. frame had produced leak-tight clo- 
sures w i t h  minimum deformation and dis tor t ion of aluminum covers. The 
system was mounted i n  the new precision frame. 

The welding t i p  used had a f l a t  so l id  face l / b  by 1/8 inch, 
l a t e r  enlarged f o r  easier  operation by grinding the face down by 1/16 
inch. Previous work i n  which the t i p  was oriented on the coupler so  tha t  
the ax ia l  vibration occurred para l le l  t o  e i ther  the long or the short  d i -  
mension of the frame had resulted i n  measurable bowing of the frame side- 
walls. Consequently i n  t h i s  l a t e r  arrangement the t i p  was ins ta l led  w i t h  
i t s  diagonal ax is  para l le l  t o  the direction d vibration. With the f l a t -  
pack similarly oriented beneath the t ip ,  there was substant ia l ly  l e s s  
deformation of the frame during welding. 

No anvil  f ix ture  was used, and the flatpack was held i n  posit ion 
on the anvil surface with p l a s t i c  tape. 
vibration induced i n  the leads during welding, preventing the fa t igue  
f a i l u r e  previously observed. 

The tape e f fec t ive ly  damped the 

3. Machine Sett ings and Results 

Table I X  presents the welding machine se t t ings  and r e su l t s  
of t h i s  f i n a l  sample preparation. 
were used. 
by the load-bearing strength of the flatpack. 
a t  which 0.004-inch SlSLr-HlS aluminum could be welded t o  gold-plated 
Kovar was appmximately 180 pounds. A t  higher forces, where b e t t e r  weld 
quali ty was achieved, the glass  lead-through sea ls  cracked, and a t  s t i l l  
higher clamping forces  progressive deformation ( f la t ten ing)  of the f l a t -  
pack was observed. 

Clamping forces  of 180 and 200 pounds 
This narrow range was impaaed by welding considerations and 

The minimum clamping force 

Ultrasonic power and welding time was varied t o  produce a range 
of energy levels from 160 t o  400 watt-seconds. 
forces, ultrasonic energy i s  not e f f ic ien t ly  u t i l i z e d  because of impedance 
mismatch, and proportionally more power i s  required t o  achieve equivalent 
welding results.  

A t  non-optimum clamping 
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Table I X  

FINAL FLATPACK WELDING 
Cover Material: 0.006-inch 5154-H18 

Aluminum Alloy 

I .  

Sample 
No. 
118 
12 4 
128 
132 
13L 

136 
137 
139 
140 
1L1 

I 

I 135 

143 
146 

Welding Machine Sett ings 

Power 
(watts) 

1000 
800 

800 
900 

900 
800 
1000 
1000 
1200 
1000 
1000 
1000 
1600 
1000 
900 

900 
1000 

1000 

Clamping 
Force 
O b )  
180 
200 
200 
180 
200 

200 
180 
200 

200 
180 

200 

Weld Energy 
(watt-sec onds) 

200 
240 
320 
240 

Leaked i n  
Immersion Test '  

Cover 
Yes 
No 
Yes 
Yes 
Ye s 
No 
No 
NO 

- 

No 
Yes 
Ye s 
No 
Yes 
No 
Yes 
Yes 
No 
Yes 
No 
No 
Yes 
Ye s 
Yes 
No 
No 
Yes 
Yes 
Ye s 
No 

No 

Glass 
Seal 
No 
Yes 
No 
No 
Yes 
Yes 
No 
Ye s 

- 

Ye s 
No 
No 
Ye s 
No 
Yes 
No 
NO 
Yes 
No 
Ye s 
Ye s 
No 
No 
No 
Yes 
Yes 
No 
No 
No 
Yes 

I 
Ye s 
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The r e su l t s  of o i l  immersion leak t e s t s  on the assembled pack- 

Of the 35 packages welded a t  200 pounds, 63 percent had a 
ages are s h o k  i n  the last  two columns of Table IX and are summarized 
i n  Table X. 
leakt ight  cover seal .  
presumably from the steady clamping force or vibratory s t r a i n  damage 
during welding. 
f o r  s t a t i s t i c a l  analysis of the resul ts .  

However, 66 percent leaked through the glass seal,  

Parts were not available t o  make suf f ic ien t  assemblies 

I n  t h i s  concluding aapect of the study, reproducible and r e l i -  
I able closure8 were not achieved w i t h  presently available equipment and 

methods, because of l imitat ions impoaed on the select ion of welding machine 
settings by the  conetruction and f r a g i l i t y  of the flatpack i n  i t s  preaent 

I s t a t e  of development. 

Table X 

SUMMARY Ql? FINAL WELDING DATA 

Clamping Weld No. Leak- Leak- Leak- Percent 
Force Energy Sample8 t i g h t  t i g h t  t i gh t  Leaktight 

( lb )  (watt-sec) Made Covers Glass Samples Covers - 
180 160-300 4 0 4 0 0 

200 240 8 6 2 1 75 

200 270 13 8 5 0 62 

200 300 11 6 4 0 55 
0 67 2 1 320-400 3 200 

Figure 13 shows a package tha t  was leakt ight  both through the 
cover weld and through the glass seal. 

Twenty-f ive of the welded packages were selected fop submission 
t o  the Goddard Space Fl ight  Center, 
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1 

Figure 13 

LEAKTIGHT 1/4-~-1/8-INcH F'LATPACK W I T H  
ULTRASONICALLY WELDED COVER 

Cover Material : 
Ultrasonic  Welder: 17.5-kc l a t e ra l -d r ive  

0.OOb-inch SlSL-Hl8 aluminum 
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V I I .  CONCLUSIONS AND RBCOMMENDATIONS 

Ultrasonic torsional and lateral-drive welding techniques were 
demonstratad t o  be aapable af hemetiual ly  sealing aovers t o  flatpack 
integrated uircuits,  but satisfacttory sea ls  were not reproducibly achieved 
using flatpaaka of aurrent deeign and w i t h  available welding equipment. 
The f r ag i l e  glass  aeal i n  the flatpacks imposed l imitat ions on the values 
of clamping forae and vibratory power tha t  could be used, making it dFT- 
f i a u l t  t o  achieve oomplete peripheral banding without craaking the glass. 
F’urther d i f f i cu l t i e s  were introduaed by thickness variations and non- 
parallelism between the top and bottom surfaces of the flatpaoks. 

With the 3/8-inch-square flatpack, amplete  bonding of f ive  out of 
seven samples was achieved wi th  a s o f t  aluminum cover a f t e r  the bauk 
surfaae had been ground pa ra l l e l  t o  the welding surface (within 5 0.0005 
inch). 
a gold-plated Kovar cover and a flbtpack tha t  had been lapped on the weld- 
ing aurfaae as  well as ground on the back. 

In addition, one leaktight package out d three was obtained with 

The grinding approach was not pursued wi th  the smaller l/l-x-1/8-inah 
flatpaaka because i t  was desired t o  obtain leakt ight  sea ls  without modi- 
fying aommercially available flatpacks. 
assemblie6 exhibited leaks e i the r  through the weld or through the glass  
se.1. 

Most of these smaller welded 

Sinae the d i i f i cn l t i ea  were not associated with welding the deeired 
materials in t h e  proper geometries, fur ther  development i n  nltrasonia 
welding o r  i n  flatpaak design should make ultrasonic cover welding prac- 
t i c a l .  
e i t he r  by a self-aligning anvil  or by a f la tpaak with more nearly pa ra l l e l  
surfaaea. Although t h e  l a t t e r  development appears unlikely, other possi- 
ble uhanges i n  flatpack design would F a d l i t a t e  nltraeonic welding. 
example, a new flatpaak developed by Texas Instruments ha8 a Kovar body 
w l t h  an integral flange tAat aould be supported by an anvi l  f i x tu re  during 
welding. Thns th.eere nmld  be no di rea t  laading on the oeramia base. A 
projection on the flange (provided f o r  resistance welding of the cover) 
would eliminate problems assooiated with non-parallelism and surfaae 
navhesa.  

A welding surface para l le l  t o  the welding t i p  could be provided 

For 

An a l h r n a t e  approaah t o  ultrasonla welding of flatpacks of the 
aurrent aastel la ted design might offer an avenue for improved flatpack 
eonatmuofion. 
oastel la ted flatpaak used i n  t h i s  program revealed glaaa between the 
frame and the bottom aover. Apparently nts ls tanae stilbah welding of 
these ampanent8 d i s t o r t s  the bottom oover s d f i c i e n t l y  t o  allow glass 

Metallographia examination-by Texas Instrument8 of the 
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t o  flow between the edge of the frame and the cover during the lead- 
through sealing operation. 
d i rec t  loading on the glaas a t  points where it extends under the frame. 
Ei ther  ultrasonic welding or msietance welding (unless electrode forces 
are Maintained below 80 grams) may crack the glass, destroying the seal. 
Ultrasonic welding of the bottom cover could provide a complete seal  
between t h e  bottan cover and the frame without heat distortion, so t h a t  
glass could not flow between them. 

Subsequent welding of the top cover puts a 
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APPENDIX I 

EFFECT OF INCREASED FmQUENCY ON ULTRASONIC PWER 
DELIVERY OF TORSIONAL WELDERS 

The following well-known equations hold f o r  a shear wave ( tors ional '  
v ibratory exci ta t ion of an acoustic member) propagated along a rod 
(diameter is 4 W 8 ) .  

where Cr = 

p = shear modulus - dynes/cm2, 
p = density - gm/cm3, 

and Hooke's Law equation is 

connecting the torque (T) and shearing s t r a i n  (aQ/ax) f o r  t h e  case of a 
c i r c u l a r  rod of radius (a) .  

Unless t h e  load exactly matches the impedance of the coupling system, 
tors iona l  waves a re  ref lected from the load toward the transducer, giving 
r i s e  t o  a standing-wave pa t te rn  along the transmitting coupler. 
o r ig in  f o r  x is  chosen a t  a point of maximum angular displacement, such 
as the  point of coupling of the terminal element of a torsional welder t o  
the weldment, and a posit ive direction i s  chosen toward the load, the 
pa t t e rn  of standing waves on the coupler is given by: 

If an 

8 + 

where k = 2n/2 = &/Cy 

8, + 

8- = 

bm~&lltXiW of wave traveling toward load, 
amplitude of reflected wave tyaveling toward transducer. 

The r ea l  par t  of Equation (3) is given by the expression 

8 = Q+cos(~t-kx)  + B-cos(G~+~x).  ( 3 4  

1-1 



The angular veloci ty  a t  any point i s  found from the r e a l  par t  of the 
time derivative of Equation (3)  as follows: 

Q = - -  a 0  - j w e  
a t  (4) 

RP of 8 = -oB+sin(ot-kx) + 8 - sin(cat+kx). (44 
The torque i s  obtained from 

T I (-$)e ax ' 

88 where - 
a x  

Equation ( 3 ) ,  namely: 

i s  found from the r ea l  p a r t  of the space derivative of 

- " = Q+ksin(ot-kx) - B-kein(ot+kx) . ( 5 )  
a x  

The instantaneous power passing any point is determined by 

P - (RP of T) x (RP of ang. vel.), (6) 

giving 

( 7 )  
2 2  

(dt-kx) - 8 - s i n  
2 

The time average power delivered is  then: 

or 

where A n a 2  = area of the wave guide. 
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The standing-wave patterm is  cha rac t e r i zed  by maximum and minimum 
va lues  of angu la r  displacement,  and t h e s e  have magnitudes 

Q, + Q , and - 
Qmin = Q, - 8- ., 

We have, t h e r e f o r e ,  t h a t  t he  de l ive red  power can be expressed by 

If w e  d e f i n e  t h e  s tanding  wave r a t i o  as S = Qmax/Qmin, then  

In  summary, t h e  power t h a t  can  be de l ive red  depends upon t he  a c o u s t i c  
impedance p r o p e r t i e s  of t h e  ma te r i a l  (ApC,), t h e  square of t h e  angu la r  
displacement  Qm,, the  square of the r a d i u s  ( a ) ,  and t h e  square of the  
f re que nc y . 

I n  the  case of welding f l a t p a e k s ,  t h e  f r f a b l e  g l a s s  s u b s t r a t e  in 
t he  pack has  a l i m i t  beyond which f ragmenta t ion  o r  c racking  i s  
l i k e l y  t o  occuri  e t he  app l i ed  u l t r a s o n i c  s t r a i n  is  p ropor t iona l  
t o  ( aQ) ,  t he  powe t can  be appl ied f o r  welding has  a l i m i t  which 
i s  p r o p o r t i o n a l  t o  f ldequency squared, when o t h e r  parameters a r e  unchanged. 
Hence by approximately doubling the  frequency (from 15 kc t o  28  kc ) ,  t he  
power f o r  welding can  be n e a r l y  four times h ighe r  f o r  t he  same va lue  of 
a@, i.e., f o r  t h e  same v ibya to ry  s t r a i n  app l i ed  to t h e  g l a s s  s u b s t r a t e .  
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